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(54) FM Radar Device 

(57) The present invention relates to a radar device 
and : particularly, to a radar device mounted on a vehicle 
to be used for a collision alarm and the like. The inven- 
tion provides a radar device that has a unit for removing 
the FMAM noise without lowering the signal detection 
sensitivity. The radar device transmits a frequency mod- 
ulation signal by switching the frequency modulation 
signal with a first switching signal, receives a signal re- 
flected from a target object, switches the reception sig- 
nal with a second switching signal, mixes the switched 



reception signal with the transmission signal, and further 
mixes the mixed signals with a third switching signal 
thereby to obtain a beat signal. The radar device obtains 
a distance to the target object and a relative speed of 
the target object from the beat signal. The second 
switching signal and the third switching signal have the 
same switching frequency, and have a predetermined 
phase difference between the phases of the two switch- 
ing signals to cancel and remove an amplitude modula- 
tion component included in the frequency modulation 
signal. 
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Description 



[0001] The present invention relates to a radar device. 
The invention particularly relates to a radar device 
mounted on a vehicle to be used for a collision alarm, 
for collision prevention, for auto-cruise control, and for 
automatic driving. 

[0002] Among radar devices that measure a relative 
speed between a vehicle and a target object or a dis- 
tance between the vehicles, there are radar devices that 
employ various kinds of radar systems such as an 
FM-CW (Frequency Modulated-Continuous Waves) ra- 
dar and a pulse Doppler radar. Particularly, the FM-CW 
radar device has advantages in that it has a relatively 
compact circuit structure and lowcost ; and that it is pos- 
sible to obtain a distance between moving units such as 
vehicles and a relative speed between the vehicles at 
the same time. Therefore, this FM-CW radar device is 
currently employed in many vehicles. 
[0003] Fig. 1 shows one example of a conventional 
FM-CW radar device. 

[0004] In Fig. 1, a millimeter-wave signal generated 
by a voltage control oscillator (VCO) 3 is FM-modulated 
based on an FM signal from a modulation signal gener- 
ating section 6. A triangular wave signal is generally 
used as the modulation signal. A triangular-wave FM- 
modulated transmission signal is emitted from a trans- 
mission antenna 1 to a forward moving unit such as a 
vehicle. A reception antenna 2 receives a reflection sig- 
nal from the forward moving unit. An RF mixer 4 mixes 
the reception signal and a part of the transmission sig- 
nal, and outputs a beat signal. A signal processing sec- 
tion 7 obtains a distance between the forward moving 
unit and the own vehicle and a relative speed between 
the two vehicles, by using frequency information includ- 
ed in the beat signal. 

[0005] When a frequency of the transmission signal 
generated by the voltage control oscillator 3 is f 0 and 
when a beat frequency of transmission/reception sig- 
nals is f s , a frequency of the reception signal received 
by the reception antenna 2 is expressed as f 0 + f 5 . The 
RF mixer 4 mixes the reception signal of the frequency 
f 0 + t 5 and the transmission signal ot the frequency f 0 , 
and outputs a beat signal having the frequency f 6 as a 
differentia! signal between the two signals. 
[0006] A signal level of the signal from the voltage 
control oscillator 3 has a predetermined frequency char- 
acteristic within a range of the output frequency, and it 
is difficult to make the transmission power-frequency 
characteristic completely flat in the total transmission 
system. 

[0007] Fig. 2 shows one example of variations in out- 
put signal levels d 0 to 6, of the voltage control oscillator 
3 within an output frequency range from f 0 to f v In this 
example, an output signal frequency is swept repetitive- 
ly from f 0 to f 1 and from f n to f 0 based on a triangular 
wave base-band signal from the modulation signal gen- 
erating section 6. During this period, an output signal 



level also changes repetitively from d 0 to d 1 and from d 1 
to d 0 . 

[0008] As a result, a transmission signal is AM mod- 
ulated in synchronism with an FM modulation timing ac- 
5 cording to the triangular wave base-band signal as a 
modulation signal. When the RF mixer 4 uses a part of 
the transmission signal as a local signal, the RF mixer 
4 generates noise of a low frequency area that includes 
noise due to the AM modulation, in the output of the RF 
10 mixer 4 according to its AM demodulation function. This 
noise component will hereinafter be referred to as 
"FMAM noise". 

[0009] A high-pass filter (HPF) 5, as shown in Fig. 1 , 
is inserted in a beat signal processing system in order 
is to remove this FMAM noise component. In place of this 
high-pass filter 5, a band-pass filter or the like may be 
used. 

[0010] However, when the high-pass filter 5 is used 
according to the conventional practice, a signal compo- 
se nent (a short-distance beat signal component) existing 
in the low frequency area in which the FMAM noise also 
exists, is attenuated at the same time. Therefore, there 
has been a problem that the signal detection sensitivity 
in the low frequency area is lowered. There has also 
25 been a possibility that when an FMAM noise level 
changes due to temperature and other factors, this 
change of the noise level is erroneously detected as a 
signal. 

[0011] In the light of the above problems, it is an object 
30 of the present invention to provide a radar device that 
has a unit for removing the FMAM noise without lower- 
ing the signal detection sensitivity. 
[0012] It is another object of the present invention to 
provide a radar device that can obtain satisfactory signal 
35 detection sensitivity within a range from a short distance 
to a long distance by suitably controlling the FMAM- 
noise removing unit. 

[0013] According to one aspect of the present inven- 
tion, there is provided a radar device that transmits a 
40 frequency modulation signal by switching the frequency 
modulation signal using a first switching signal, receives 
a signal reflected from a target object, switches the re- 
ception signal using a second switching signal, mixes 
the switched reception signal with the transmission sig- 
45 nai, and further mixes the mixed signals using a third 
switching signal thereby to obtain a beat signal. The ra- 
dar device obtains a distance from the target object and 
a relative speed of the target object from the beat signal. 
The second switching signal and the third switching sig- 
50 nal have the same switching Irequency, and have a pre- 
determined phase difference between the phases of the 
two switching signals to cancel and remove an ampli- 
tude modulation component included in the frequency 
modulation signal. The predetermined phase difference 
55 is substantially 90 degrees. Based on this, it is possible 
to obtain a target radar device that lowers the FMAM 
noise. 

[0014] According to another aspect of the invention, 
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the ON time of the second switching signal is at least 
two times the time from when a transmission wave is 
transmitted and reflected from the target object located 
at a maximum detection distance till when this reflected 
wave returns to the transmission origin. Based on this, 
it is possible to carry out a design that makes it possible 
to detect up to the maximum detection distance. Within 
this range, it is possible to set both the ON time of the 
first switching signal and the ON time of the second 
switching signal, or the ON time of the first switching 
signal or the ON time of the second switching signal, 
shorter than the time required for a detection distance. 
Further, it is possible to change the frequencies of the 
first, second and third switching signals corresponding 
to the detection distance respectively. 
[001 5] For example, at the time of measuring a short- 
distance signal, it is possible to set the ON time of the 
first switching signal shorter than the ON time of the sec- 
ond switching signal, from the viewpoint of the transmis- 
sion signal (refer to Fig. 8 to be explained later). On the 
other hand : from the viewpoint.of the reception signal, 
it is possible to set the ON time of the second switching 
signal shorter than the ON time of the first switching sig- 
nal. In both cases, it is possible to improve the reception 
level by increasing the frequencies of the first and sec- 
ond switching signals. 

[0016] In order to simplify the circuit, the first switching 
signal and the second switching signal have the same 
switching frequency and these switching signals are 
switched on in mutually opposite phases. These switch- 
ing signals are rectangular waves having a 50% duty 
ratio. Further, with a view to improving the cancellation 
rate of the FMAM noise, the first, second and third 
switching signals are generated in the same oscillation 
source, in order to maintain accurate synchronization 
and an accurate phase difference. Further, there is pro- 
vided a unit for adjusting a delay between the first, sec- 
ond and third switching signals respectively. 
[0017] According to still another aspect of the present 
invention, there is provided a phase variable unit that 
can change a phase difference between the phase of 
the second switching signal and the phase of the third 
switching signal. The phase difference is changed to ei- 
ther 0 degree or 90 degrees. With this arrangement, it 
is possible to carry out a long-distance measuring based 
on a phase difference of 0 degree and a short-distance 
measuring based on a phase difference of 90 degrees, 
substantially at the same time. This changeover is car- 
ried out at each half period or at each integer times one 
period of the frequency modulation signal. This period 
corresponds to a measuring operation period of the 
FM-CW radar, and has an advantage in that this facili- 
tates the signal processing. 

[0018] Further, the radar device has a comparing and 
detecting unit that compares measurement information 
based on a phase difference of 0 degree or a phase dif- 
ference of 90 degrees according to the phase variable 
unit, and detects in high precision a distance from the 



target object and a relative speed. The comparing and 
detecting unit uses spectrum information of a beat signal 
as the measurement information based on a phase dif- 
ference of 0 degree or a phase difference of 90 degrees , 
5 and corrects one spectrum information based on the 
other spectrum information. Based on this, it becomes 
possible to carry out an accurate extraction of a beat 
signal at a short distance close to the FMAM noise : and 
a fault diagnosis and a correction of noise filter charac- 
10 teristics at a short distance or a long distance. 

[0019] Further, the phase variable unit may be com- 
posed of a plurality of mixing systems that use a plurality 
of the third switching signals having mutually different 
phase differences between the third switching signals 
15 and the second switching signal respectively. Based on 
this, it becomes possible to carry out both a short-dis- 
tance measuring and a long-distance measuring at the 
same time. In actual practice, a digital signal processor 
(DSP) or a microprocessor unit (MPU) carries out a sig- 
20 nal processing to execute the processing of the mixing 
systems. One of the mixing systems is selected in se- 
quence to carry out the processing. 
[0020] The present invention will be more clearly un- 
derstood from the description as set forth below with ref- 
25 erence to the accompanying drawings. 

[0021] Fig. 1 is a diagram that shows one example of 
a conventional FM-CW radar device. 
[0022] Fig. 2 is a diagram that shows one example of 
variations in output signal levels of a voltage control os- 
30 cillator within an output frequency range. 

[0023] Fig. 3 is a diagram that shows a basic structure 
of a radar device according to an example of the present 
invention. 

[0024] Fig. 4 is diagram that shows the principle of 
35 operation when a phase difference is 0 degree. 

[0025] Fig, 5 is diagram that shows the principle of 
operation when a phase difference is 90 degrees. 
[0026] Fig. 6 is diagram that shows a relationship be- 
tween an ON time of a switch at a reception side and a 
40 detecting time of a reception signal in the example 
shown in Fig. 3. 

[0027] Fig. 7 is a diagram that shows one example of 
a structure of an IF local/switching signal generating 
section. 

45 [0028] Fig. 8 is diagram that shows one embodiment 
of a short-distance measuring that uses the structure 
"* shown in Fig. 7. 
[0029] Fig. 9 A is a diagram that shows another em- 
bodiment of a distance measuring that uses the struc- 
50 ture shown in Fig. 7. 

[0030] Fig. 9B is a diagram that shows still another 
embodiment of a distance measuring that uses the 
structure shown in Fig. 7. 

[0031] Fig. 10 is a diagram that shows a modification 
55 of the structure shown in Fig. 3. 

[0032] Fig. 11 is a diagram that shows another modi- 
fication of the structure shown in Fig. 3. 
[0033] Fig. 3 shows a basic structure of an example 
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radar device according to the present invention. In Fig. 
3, constituent elements identical with those in Fig. 1 are 
attached with the same reference numbers, and they will 
not be explained in further detail. 
[0034] Switches 11 and 1 2 are opened or closed ac- 
cording to a driving signal from an IF local/switching sig- 
nal generating section 14. These switches 11 and 12 are 
provided to share a transmission/reception antenna, 
and to prevent degradation of a signal-to-noise ratio due 
to a leakage to a reception antenna 2 of a triangular- 
wave FM signal that is output from a transmission an- 
tenna 1 . To facilitate the understanding of theoperation 
of the invention, a transmission antenna 1 and the re- 
ception antenna 2 are separated in Fig. 3. 
[0035] The switch 1 2 at the reception side switches a 
signal received by the reception antenna 2. An RF mixer 
4 converts this switched signal into an IF signal having 
a frequency f sw ± f 5 (a signal obtained by dividing the 
switched signal by a frequency f sw ) by mixing. A local 
mixing signal that is input to the RF mixer 4 includes an 
FMAM noise component, and this FMAM noise compo- 
nent is also output to the output end of the RF mixer 4. 
[0036] An IF mixer 1 3 has a switching frequency f w 
that is the same as the switching frequency of the driving 
signal of the switch 11 or 1 2. The IF mixer 13 carries out 
mixing processing by using a separate driving signal 
that keeps a constant phase difference of about 90 de- 
grees in principle from the phase of the above driving 
signal. As a result, the output signal of the IF mixer 13 
is converted into a base-band signal, and the FMAM 
noise component is removed, so that only a desired beat 
signal of a frequency f 5 is output, as explained later. 
Therefore, the conventional high-pass filter 5 or a band- 
pass filter is not necessary in the present embodiment. 
[0037] Fig. 4 and Fig. 5 show the principle of operation 
of the IF mixer 13 that removes the FMAM noise com- 
ponent from the IF signal. In Fig. 4, (a) to (d) Show a 
case where a phase difference between the phase of 
the switch 11 or 12 and the phase of the IF mixer 13 is 
0 degree. In Fig. 5, (a) to (d) show a case where a phase 
difference between the phase of the switch 11 or 12 and 
the phase of the IF mixer 13 Is 90 degrees. 
[0038] When the phase difference is 0 degree, (a) in 
Fig. 4 shows one example of the IF signaithat includes 
the FMAM noise that is Input to the IF mixer 13. (b) 
shows the driving signal of the IF mixer 13 that has the 
same phase (a phase difference 0) as the phase of the 
driving signal of the switch 11 or 12. In this case, only 
one half-wave component of the IF signal is extracted 
by the mixing as shown in (c). As a result, the base-band 
signal after the frequency conversion still includes the 
FMAM noiso component that is demodulated as it is, as 
shown in (d). 

[0039] On the other hand, when the phase difference 
is 90 degrees in Fig. 5, the IF signal shown in (a) is the 
same as that shown in (a) of Fig. 4. (B) shows the driving 
signal of the IF mixer 13 that has a phase difference of 
90 degrees from the phase of the driving signal of the 



switch 11 or 12. In this case, an equivalent wave com- 
ponent that mutually cancels the FMAM noise compo- 
nent superimposed on the IF signal is extracted by mix- 
ing, as shown in (C). As a result, the base-band signal 
5 after the frequency conversion has all the FMAM noise 
component removed, as shown in (D). 
[0040] Fig. 6 shows a relationship between an ON 
time of the switch at the reception side and a detecting 
time of a reception signal in the example shown in Fig. 3. 
io [0041] In Fig. 6, a transmission signal indicated by a 
meshed portion in (d) is transmitted during the ON time 
of the transmission switch 11 shown in (a). A part of a 
reflection signal shown in (e) of the transmission signal 
is detected as a reception signal as shown in (f) during 
75 the ON time of the reception switch 12 shown in (b). 
[0042] A time t from when a transmission signal is 
transmitted until the transmission signal returns after a 
reflection from a target object is expressed as t « 2R / 
C, where R represents a one-way distance from the 
20 transmission origin to the target object, and C repre- 
sents the speed of light. Based on the principle similar 
to that explained in Figs. 4 and 5, when a detection time 
(that is, the time t) of the reception signal exceeds one 
half of an ON time T R of the reception switch (a phase 
25 of 90 degrees), a total reception signal level is lowered 
due to the cancellation effect of the signal that is re- 
ceived after the time T R /2. As a result, the reception lev- 



el becomes zero at the time t = T R . 
[0043] Therefore, when a maximum detection time is 
30 set as tmax = Tr/2 in order to maintain high detection 
precision of a reception signal, the reception switch ON 
time T R needs to be at least two times the maximum 
detection time tmax. This is expressed as T R ^ 2 tmax. 
Based on this, a clock frequency of the driving signal of 
35 the switches 11 and 12 and the driving signal of the IF 
mixer respectively becomes f sw % 1/2 TR, and a max- 
imum detection distance that can be detected by the ra- 
dar becomes Rmax ^ C tmax/2. 
[0044] Fig. 7 shows one example of a structure of the 
40 IF local/switching signal generating section 14. 

[0045] In Fig. 7 , a common oscillator (OSC) 23 is used 
as an oscillation source that generates both the driving 
signal of the switches 11 and 12 and the driving signal 
of the IF mixer 4. Based on this, it is possible to easily 
45 realize a phase synchronization of the driving signals. 
A phase control logic section 22 is constructed of a logic 
circuit or software. The logic circuit generates and out- 
puts a driving signal of the switches 11 and 12, and fre- 
quency-divides a reference clock signal from the oscil- 
so lator 23 with a counter thereby to prepare various kinds 
of timing signals . The software makes a microprocessor 
prepare various kinds of timing signals based on the ref- 
erence clock signal. 

[0046] A phase variable section 21 generates and 
55 outputs a driving signal of the IF mixer 4 that can change 
the phase by using a logic circuit or software similar to 
that explained above or by using a PLL circuit, based 
on a timing signal prepared by the phase control logic 
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section 22. As an example of the most simple and prac- 
tical method for this, a phase difference between the 
phase of the driving signal of the switches 1 1 and 1 2 and 
the phase of the driving signal of the IF mixer is changed 
over between 0 degree and 90 degrees. The phase dif- 
ference is changed over to 90 degrees for a short-dis- 
tance measuring, thereby to make it possible to achieve 
high-precision measuring by eliminating the influence of 
the FMAM noise at a short distance. The phase differ- 
ence is changed over to 0 degree for a long-distance 
measuring, thereby to make it possible to expand a 
measurable long distance that has no influence of the 
FMAM noise. 

[0047] Fig. 8 shows one embodiment of a short-dis- 
tance measuring that uses the structure shown in Fig. 7. 
[0048] In an example of Fig. 8, the phase control logic 
section 22 generates a driving signal of the transmis- 
sion/reception switches for other than duty 50% : as 
shown in (a) and (b). As shown in (d) to (0 of Fig. 6, the 
received signal is only a part of the last end of the trans- 
mission signal corresponding to a distance from the 
measured object. 

[0049] Therefore, it is not necessary to transmit the 
transmission signal during the whole transmission peri- 
od of the duty 50% as shown in (d) of Fig . 6. It is possible 
to obtain the same effect by transmitting the transmis- 
sion signal by only a length that is necessary for the 
measurement, as shown in (d) to (f) of Fig. 8. With this 
arrangement, in the present embodiment, the driving 
signal frequency f sw (= 1/T) of the transmission/recep- 
tion switches is set higher by the portion corresponding 
to the reduction in the transmission time, thereby to in- 
crease the reception power. From the viewpoint of only 
increasing the reception power, it is possible to set the 
ON time of the transmission/reception switches to a tim- 
ing at which the ON times are mutually superimposed. 
[0050] Figs. 9A and 9B show other embodiments of a 
distance measuring that use the structure shown in Fig. 
7 respectively. 

[0051 ] In these embodiments, the phase control logic 
section 22 supplies an FM frequency modulation signal 
to the modulation signal generating section 6. In syn- 
chronism with this, the phase variable section 21 alter- 
nately changes over the phase difference to between 0 
degree and 90 degrees at each half period (T/2) or at 
each integertimes one period (nT, where n is an integer) 
of the FM frequency modulation signal. 
[0052] Fig. 9A shows the embodiment for distance 
measuring when the phase variable section 21 alter- 
nately changes over the phase difference to between 0 
degree and 90 degrees at each half period. Fig. 9B 
shows the embodiment for distance measuring when 
the phase variable section 21 alternately changes over 
the phase difference to between 0 degree and 90 de- 
grees at each two periods. Operation A shows a short- 
distance measuring operation when the phase differ- 
ence is 90 degrees, and operation B shows a measuring 
operation of a long distance when the phase difference 



is 0 degree. A relative speed is obtained for each half 
period of an up period or a down period of FM modula- • 
tion. Therefore, in the present embodiments, a half pe- 
riod is used as a minimum period of the operation. 
5 Based on this method, it is possible to measure both a 
short distance and a long distance substantially at the 
same time. 

[0053] Based on the above embodiments, it is possi- 
ble to compare the spectrum information of the short dis- 

10 tance and that of the long distance with each other. It is 
possible to correct a result of one measurement based 
on a result of the other measurement. It is also possible 
to detect an error in a result of one measurement based 
on a result of the other measurement. As a result, it is 

is possible to increase the reliability of the measuring re- 
sults. 

[0054] If, in one measurement, a reception signal hav- 
ing a level near a detection threshold value is received 
during an up period of FM modulation, and this reception 
20 signal is not received during a down period due to the 
attenuation of a certain filtering characteristic, then, in 
the other measurement, the reception signal is received 
during both an up period and a down period, in this case, 
it is possible to correct the reception level during the 
25 down period in the one measurement, by using the re- 
sult obtained in the other measurement. When a result 
afterthe correction exceeds a detection threshold value, 
it is decided that the reception signal has been normally 
received. As a result, it is possible to avoid an erroneous 
30 detection. 

[0055] Fig. 10 and Fig. 11 show modifications of the 
structure shown in Fig. 3 respectively. 
[0056] In Fig. 10, a plurality of IF mixers 13-1 to 13-n 
are provided. The IF local/switching signal generating 
35 section 14 supplies driving signals of these IF mixers 
having mutually different phase differences to these IF 
mixers 13-1 to 13-n respectively. Therefore, in the 
present modification, the phase control logic section 22 
generates and outputs the driving signals of the IF mix- 
40 ers having a plurality of fixed phase differences. Conse- 
quently, the phase variable section 21 is not necessary. 
The IF mixers 13-1 to 13-n simultaneously process IF 
signals from the RF mixer 4 based on the phase differ- 
ences of the IF mixers 13-1 to 13-n respectively. A signal 
45 processing section 7 consisting of an AD converter or a 
DSP executes a signal processing based on a meas- 
ured distance corresponding to each phase difference. 
[0057] Fig. 11 shows another modification of the 
structure shown in Fig. 3 that executes the same tunc- 
50 tional operation as that shown in Fig. 1 0. 

[0058] In Fig. 11, an A/D converter 24 directly con- 
verts IF signals from the RF mixer 4 into digital signals. 
A DSP within the signal processing section 7 executes 
the functions corresponding to the I F mixers 1 3- 1 to 1 3-n 
55 and the IF local/switching signal generating section 14 
in Fig. 10, based on software. It is possible to easily 
achieve this processing, based on highly advanced 
functions and high-speed processing of the DSP real- 



5 



BNSDOCID, <EP 1 324066 A2_L> 



9 



EP 1 324 066 A2 



10 



ized in recent years. 

[0059] As explained above, according to the present 
invention, it is possible to provide a radar device that 
has a unit tor removing the FMAM noise without lower- 
ing the signal detection sensitivity. Further, according to 
the present invention, it is possible to obtain satisfactory 
signal detection sensitivity within a range from a short 
distance to a long distance by suitably controlling the 
FMAM-noise removing unit. 



Claims 

1 . A radar device that transmits a frequency modula- 
tion signal by switching the frequency modulation 
signal with a first switching signal, receives a signal 
reflected from a.target object, switches the recep- 
tion signal with a second switching signal, mixes the 
switched reception signal with the transmission sig- 
nal, further mixes the mixed signals with a third 
switching signal thereby to obtain a beat signal, and 
obtains a distance from the target object and a rel- 
ative speed between the self and the target object 
from the beat signal, wherein 

the first or second switching signal and the 
third switching signal have the same switching pe- 
riod or frequency, and have a predetermined devi- 
ation of a switching starting time or a predetermined 
phase difference between the phase of the first or 
"second switching signal and the phase of the third 
switching signal. 

2. The radar device according to claim 1 , wherein the 
predetermined phase difference is substantially 90 
degrees, or the predetermined switching starting 
time is a half of the switching ON time. 

3. The device according to claim 1 or claim 2, wherein 
the ON time of the second switching signal is at 
least two times the time from when a transmission 
wave is transmitted and reflected from the target ob- 
ject located at a maximum detection distance until 
this reflected wave returns to the transmission ori- 
gin. 

4. The device according to claim 1 or claim 2, wherein 
both the ON lime of the first switching signal and 
the ON time of the second switching signal or the 
ON time of the f irst switching signal or the ON time 
of the second switching signal is set variable ac- 
cording to a detection distance. 

5. The device according to any of claims 1 to 4 , where- 
in the radar device changes the frequencies of the 
first, second and third switching signals corre- 
sponding to a detection distance respectively. 

6. The device according to any of claims 1 to 5, where- 



in the f irst switching signal and the second switching 
signal have the same switching frequency and are 
switched ON in mutually opposite phases, and have 
a 50% duty ratio. 

5 

7. The device according to any of claims 1 to 6 : where- 
in the first, second and third switching signals are 
rectangular waves. 

10 8. The device according to any of claims 1 to 7 : where- 
in the first, second and third switching signals are 
generated in the same oscillation source. 

9. The radar device according to claim 8, further com- 
15 prising a unit for adjusting a delay between the first, 

second and third switching signals respectively. 

10. The device according to any of claims 1 to 9 ; where- 
in comprising a phase variable unit that can change 

20 a phase difference between the phase of the sec- 
ond switching signal and the phase of the third 
switching signal. 

11. The device according to claim 10, wherein the 
25 phase variable unit changes over the phase to ei- 
ther 0 degree or 90 degrees. 

12. The radar device according to claim 11, wherein the 
changeover is carried out at each half period or at 

30 each integer times one period of the frequency 
modulation signal. 

13. The radar device according to claim 1 1 , further com- 
prising a comparing and detecting unit that com- 

35 pares measurement information based on a phase 
difference of 0 degree or a phase difference of 90 
degrees according to the phase.variable unit, and 
detects in high precision a distance from the target 
object and a relative speed. 

AO 

14. The radar device according to claim 1 3, wherein the 
comparing and detecting unit uses spectrum infor- 
mation of a beat signal as the measurement infor- 
mation based on a phase difference of 0 degree or 

45 a phase difference of 90 degrees, and corrects one 
spectrum information based on the other spectrum 
information. 

15. The radar device according to claim 1 0, wherein the 
50 phase variable unit is composed of a plurality of mix- 
ing systems that use a plurality of the third switching 
signals having mutually different phase differences 
between the third switching signals and the second 
switching signal respectively. 

55 

1 6. The radar device according to claim 1 5, wherein the 
phase variable unit further comprises a switching 
unit for selectively using one of the plurality of mix- 
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ing systems. 



17. The radar device according to claim 15, wherein a 
' signal processor carries out the processing of the 
plurality ot mixing systems. 5 
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